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A  root meristem proves, on observation, to consist 
of  a  large  number  of  cells  with  their  nuclei  in 
interphase  and  a  smaller number  of other cells in 
process of division. The division phases of the latter 
represent  every  possible  stage  in  the  course  of 
mitosis,  and  the  nuclear  volumes  of  the  former 
every possibility between telophase and  prophase. 
In other words,  a meristem is composed of cells at 
different  stages  of  development,  with  the  most 
obvious lack of any synchronization  among them. 
And yet, there are a certain number of cells which 
happen,  at  any  given moment,  to  be  at  the  same 
stage of mitosis.  If these cells could be labeled, we 
should have a group of cells showing a high degree 
of synchronization  picked  out  among  the  whole 
meristematic colony; and,  in fact,  some such way 
of labeling  cells  was  adopted  to  some  extent  by 
Van't  Hof, Wilson,  and  Colon  (11)  by  means of 
30-minute  treatments  with colchicine. This label- 
ing is done by polyploidizing a  certain proportion 
of the  cells and  watching  to  see when  they come 
round  again  to  the  same  step  in  their metaphase 
as in the previous division. 
The  observation  that  thymidine  is  a  highly 
selective nucleoside  for  DNA  (2)  has  led  several 
authors  to  use  tritiated  thymidine  for  labeling 
cells in  an  asynchronous  population  during inter- 
phase  (9,  12). 
Another  form of labeling,  in  the wide  sense,  is 
afforded  by  the  experimental  synchronization  of 
divisions,  since  all  the  cells  initiate  the  process 
simultaneously.  In  practice,  experimental  syn- 
chronization  of  division  began  with  the  study, 
based on sublethal  thermic shocks,  carried out by 
Scherbaum  and  Zeuthen  (7)  on  the ciliate  Tetra- 
hymena. The  thermic  shocks,  one  after  another  at 
appropriate moments, reduce the time-differences, 
and  eventually  bring  about  the  synchronized 
division of a large proportion of the cells composing 
the population. 
Methods similar to the foregoing have led to the 
partial  synchronization  of  the  development  of 
mammalian cells when cultures of these were sub- 
jected  to  temperatures  of  4 °  for  1  hour  (5). 
Thermic shocks and/or changes of light have like- 
wise  brought  about  the  synchronization  of  cell 
divisions in  the case of Chlorella and  other  photo- 
synthetic organisms  (1,  4, 6, 8). 
In  a  former  communication  (3),  we  reported 
the formation and development of binucleate cells 
in roots, pointing out that the effect of caffeine on 
cell division is highly specific as regards the inhibi- 
tion  of cytokinesis.  Treatments  with  0.1  per  cent 
caffeine  solutions  for  less  than  15  minutes  have 
resulted  in  the  production  of  binucleate  cells  in 
interphase  an  hour  after  recuperation.  Another 
important point in this treatment is the low toxicity 
of caffeine  at  concentrations  of 0.1  per  cent  with 
respect to its effects on the cell division cycle. This 
means that roots can be put into the solution long 
enough  to  allow several consecutive cycles of cell 
division to take their course, the effects of caffeine 
being limited, within a certain margin of safety, to 
the  inhibition  of cytokinesis  only.  The  action  of 
caffeine may,  therefore, be considered that of pro- 
ducing an impact, within the cell division cycle, on 
those  cells  which  are  at  the  telophase  stage,  by 
inhibiting the formation of the cell plate  and  thus 
giving  rise  to  binucleate  cells  whose  cytokinesis 
has,  by  this  means,  been  irreversibly  inhibited. 
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Effects  Produced  on  Root  Meristems  by  Treatment  with  Caffeine* 
Hrs. 
Cells in mitosis;t  Binucleate ceils§  Anaphases  with brldges[[ 
Bulb a  Bulb b  Mean value  Bulb a  Bulb b  Mean value  Bulb a  Bulb b  Mean value 
per cent  per cent  per cent  per cent  per cent  per cent  per  cent  per cent  per cent 
--2  12.8  11.6  12.2  0  0  0  0  0  0 
--1  10.2  11.8  11.0  0  0  0  0  0  0 
0  ......  0.70  0  0.35 
1  12.4  12.4  12.4  3.63  4.02  3.82  1.66  1.50  1.58 
2  10.0  10.9  10.4  3.85  3.93  3.89  0.69  0.33  0.51 
6  12.9  11.2  12.0  3.01  2.75  2.88  0  0  0 
* Treatment with 0.1  per cent solution from --I  to 0  hrs. 
2,000 cells were  analyzed  in each reading. 
§ 3,000  cells were  analyzed  in each reading. 
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FmVRZ  1  Mitotic  index  in  roots  before  and  after 
caffeine treatment (0);  percentage of binucleate cells 
in the meristematic population (A); and percentage of 
anaphases  showing  chromosome bridges  (+).  K  rep- 
resents the period of treatment with caffeine. 
These  cells  are,  therefore,  effectively  labeled  by 
their possession of two nuclei, which distinguishes 
them clearly from the rest of the population,  and, 
moreover, the labeling has been done at a  specific 
moment in the course of cell division. 
PRELIMINARY  OBSERVATIONS 
We  have  tested  the  effects  on  AlHum  cepa root 
meristems of 0.05,  0.1,  0.2,  and 0.5 per cent solu- 
tions of caffeine. The first induced a partial inhibi- 
tion  of  cytokinesis.  The  0.2  and  0.5  per  cent 
solutions,  besides causing  a  total inhibition of cy- 
tokinesis, induced remarkable mitotic aberrations. 
The 0.1  per cent solution was observed to  be the 
most  suitable  for  inhibiting  cytokinesis  with  a 
minimum of side effects. 
Since  the  number of cells which  have reached 
the same stage is relatively small among all those 
composing the  great  mass of cells in  asynchronic 
development,  the  action  of the  caffeine  must  be 
extended  as far as is necessary to  give  a  sufficient 
number of ceils within the time limits during which 
it  acts.  On  the  other  hand,  the  time  limit must 
necessarily be restricted so as to achieve the maxi- 
mum selectivity among the cells that have reached 
the same  point  simultaneously.  According  to  our 
observations, treatments with 0.1  per cent caffeine 
solutions for  1 hour's  duration are capable of pro- 
ducing  a  number of binucleate cells in each root 
meristem which may exceed 300, about 4  per cent 
of  the  meristematic  population.  This  amount  is 
enough to obtain significant data. And this period 
of  treatment  is  short  enough  to  label  clearly 
synchronous cells. 
The telophase cells in which cytokinesis has been 
inhibited  during  the  1-hour's  treatment  are  at 
interphase  after recovering for  1  hour.  By calcu- 
lating the  percentage of binucleate ceils  at  inter- 
phase that can be observed after 1 hour's recovery, 
we  obtain  an  approximate  measure  of  the  per- 
centage  of  cells  in  which  cytokinesis  has  been 
inhibited  during  the  treatment.  The  percent- 
age  of  binucleate  cells  at  interphase  after  2 
hours'  recovery was  apparently the  same.  At  the 
6th  hour,  it  was  found  that  the  percentage  of 
binucleate cells had decreased significantly (Table 
I,  Fig.  1). The decrease does not mean a  diminu- 
tion in the absolute number of binucleate cells in 
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labeled  cells  among  the  new  mononucleate cells 
which  have  initiated  interphase  after  the  treat- 
ment. 
On the other hand, the low toxicity of this treat- 
ment was revealed by the rare side effects on the 
cell  division  cycle.  The  mitotic  index  was  not 
significantly modified  after  the treatment  (Table 
I, Fig.  1). The growth of the roots within 24 hours 
(22  to 24 mm) was apparently the same as in the 
controls.  The  side  effects  on  the  mitosis  were 
limited to the formation of chromosome bridges in 
1.5  per cent of the anaphases. 
TABLE  II 
Percentage of Binucleate  Cells  Undergoing Mitosis 
in Root Meristems after  Treatment  with Caffeine 
Hrs.  Bulb c*  Bulb d* 
8  0  0 
9  --  0 
10  14.7  7.8 
12  67.2  47.4 
13  --  74.1 
14  45.6  67.9 
15  --  54.0 
16  38.3  -- 
18  26.5  17.0 
20  4.3  15.5 
* 100 to 200  binucleate cells were analyzed. 
Thus,  the  action of the caffeine is confined to 
the time during which the roots are submerged in 
the  solution.  If they  are  taken  out  and  put  into 
water, the new cells entering telophase are able to 
complete  cytokinesis  in  the  normal  way.  This 
indicates  that  there  is  rapid  elimination  of  the 
effects produced and that the action of the caffeine 
is limited practically to the time the roots are sub- 
merged in the solution. 
To  sum  up,  there  are  three  aspects  of  the 
caffeine  method  of  labeling  cells  that  deserve 
special  emphasis:  (a)  the  specificity of its  effect 
upon  cytokinesis;  (b)  the  rapidity with  which  it 
acts and with which its effects are eliminated; and 
(c) its low toxicity in the course of the cell division 
cycle. 
METHOD 
The  method  used  aims  at  regulating  most  of  the 
variables  in  the  environment in  which  the  experi- 
ments are carried out, for which purpose Allium  cepa 
bulbs were cultured under the following conditions. 
The bulbs were grown in the dark,  at  25 °  4-  0.5 °  , 
in  cylindrical  glass  receptacles  of  70-ml  capacity 
containing tap  water  which was renewed every 24 
hours and aerated continuously by bubbling air at a 
rate of 10 to 15 cc per minute. 
The roots were 1.5 to 2 cm long at the beginning 
of the experiment.  In the course of the various ex- 
periments, the roots which were consistently of equal 
length were taken from among the longest. 
The roots,  without removal from the bulb,  were 
put into a  0.1  per cent caffeine solution for  1 hour, 







0  ,  ,  , 
0  '~  8  12  16  20 hrs. 
F~OURE 2  Percentage of binueleate cells in the course 
of mitosis at the different times after caffeine treatment 
of roots. Bulb c  (Q); bulb d  (A). 
ordinary water. At successive readings, the root tips 
stained by Trio and Levan's staining technique (10) 
were kept under observation. 
The experiments were carried out with two bulbs, 
a total of 50 roots in all being used. 
RESULTS 
After the treatment with 0.1  per cent caffeine for 
1  hour,  no  divisions were  observed in  the  binu- 
cleate cells until the  10th hour, when 5  to  15  per 
cent of the binucleate cells were observed to be in 
prophase. Between the  12th  and  14th  hours,  the 
percentage  of  binucleate  cells  in  the  process  of 
division reached  70  per cent  (Fig.  3).  At  subse- 
quent readings, the percentage of binucleate cells 
undergoing division was  successively diminished. 
Synchronization  was  maintained,  then,  within 
narrow limits, at 70 per cent of the labeled popu- 
lation  12 hours after treatment (Table II, Fig. 2). 
The  experiments, carried out with roots taken 
at random from the two groups used, gave results 
showing complete over-all consistency. 
B  R  I  E  F  N  O  T  E  S  307 FIGUaE  3  Labeled  cells  in  the  course  of  division  14  hours  after  caffeine  treatment  of  roots.  In  this 
micrograph all the binueleate  cells  can be  observed at  biprophase  (arrows).  X  480. 
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The  labeling  of cells by  inhibition  of cytokinesis 
has many advantages.  First, no synchronization of 
developing cells is necessary that involvcs paralysis 
of the progrcss of mitosis or intcrphase, the labcling 
bcing  confined  to  those  cells,  among  the  whole 
population  of  cells  whose  development  is  not 
synchronized, which happen at a givcn moment to 
be at a certain stage of division and are thus picked 
out  from  the  remainder  of  the  population.  In 
other words,  the method labels cells whose devel- 
opment is, in fact, synchronous  at the moment. 
This  form of labeling is  highly specific for  the 
stage  of  division  at  which  it  is  carried  out,  no 
perceptible  alteration whatcver being observed in 
the various phases of nuclear division, which take 
their normal course. 
Since the labeling is done during the last phase 
of karyokincsis, before the interphasc, the resulting 
cells undergo no alteration in thcir synthesis,  and 
they enter  intcrphase  as  binucleate  cells simulta- 
neously. 
The rapidity with which cells can be labeled by 
means  of  treatment  with  0.1  per  cent  caffeinc 
solution  and  with  which  such  cells  cease  to  be 
produccd once the roots have been removed from 
the  solution  is  an  indication  of  the  force  of  the 
impact excrted by the action of the caffeine. This 
action,  togethcr with low toxicity, makes caffeine 
an  important  labeling  agent,  especially  for  the 
study of interphase  and  the cell division cycle. 
Received for publication, December 29,  1964. 
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